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Frost Behavior on a One-Dimensional Fin Considering Heat Conduction of
Heat Exchanger Fins
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ABSTRACT: This paper presents a mathematical model to predict the behavior of frost for-
med on an one-dimensional fin of heat exchanger, considering fin heat conduction under
frosting conditions. The computational domain consists of air-side, the frost layer, and fin
region, and they are coupled to the frost layer. The frost behavior is more accurately
predicted with fin heat conduction considered (Case A) than with constant fin surface
temperature assumed (Case B). The results indicate that for Case B, the frost thickness and
heat transfer are overpredicted in most regions of the fin, as compared with those for Case
A. In addition, for Case A, the maximum frost thickness varies little with the fin length
variations, and the extension of the fin length after 30 mm contributes insignificantly to heat

transfer.

Key words: Fin heat conduction(3 9] €& %), Frosting behavior(Z747 %), Heat exchanger

fins(g L] #)

7lE MY
D, t BAAS [m?s]
hy, D dAEAS [WmK]
h,, : 2AAYAS [ke/m’s)
R D %3 #d [k)/kel
k C AAEAS [W/mK]
My, S o”"E‘
ot L EFERSE {W/m]

s& X}

b ¥ ulgk

¥ Corresponding author

Tel.:
E_

+82-2-2220-0426, fax: +82-2-2295-9021
mail address: ksleehy@hanyang.ackr

c i Eans
cond cEAR
f D AEE
fs s AgE B
w L FF7)
1.4 B

H Y-l viBE A #9E £ Us
of U] Hopd & dHEYF R g w1 9l
o A7) e %%‘“(Electnc driven Heat Pump,
EHP)2 A%, 719 ASE wgxnez Iz A
FollAd 2 FoE7F A4 o wolxln YUtk
Yo, Fdr] @& 9y 2x=2 U8 F2v] %

Holl Zad o] dojydr} o] EHP Al



728 AR

a5 T At MY 2 4FE vARRE Ry
F8 A dugr] delMe M 4% AE
< gofdle o] ol

- A 2AstA dE 2 WF Sl ALE
He godd gae] dagrld e 48 2 o
2d A7 ge A7V g8 @A
F o] gt} ¥l d¥x FErie Uist o
T Ta ¥ FHd slon, V& dFE
TWe =z % Bz e 3 dAds A
2d AAzA Ade Huted A Agel dist
o] AA A (macroscopic)d) #AHEYo xxde w
%3 glth. ole} #Hste, Kaygusuz®e Miller”
v AEe B g dr] 21 482 3
g9 €8x Azdo U €7 449 458
71489, Wang and Liu®9 Martinez-Frias
and Aceves®E F7] dT7E 44"HE $37
9] A (dehumidification) T 7}14& %% %
A Ade& Busgdrt. 53], Martinez-Frias and
AcevestE AFd] W& A2 Y Xd3 o
o] MEE 54 43¢ raustdod, A8F
9 9 25 8Y So o3 dxg gt &
ol &G A& FAhHoF Tolghe] glof AF
4g Iz F dHAE A4 8= 29744
9] Ago] rtEdnE Y g vAH(mi-
croscopic)$! #AHA HIstm vk @& AT
Ao w7t Pyd FAHE M2 A%
< 94237 Hste £ 2dg AMI}H
oy, olge YW Emrl dAS 27§
A A EA4g dEedr] did d9 gd¥E
nEE dugs] #eMe FaA AsHes A
g HolE 7}d 4 ¥l ¢9lth. Kwon et al™
Yol Mo F4 LRI HY4 AES
vetsts] fete AEd AFE FYIFALY, 1
18 WeE EA 24 24 2 53 3 o)z
A3k o2 U, ddg &9 24 £ @
Zolo Wil ma g oF3rE oYl
ol B A e g 27sA dug
7] #9] @™ X(fin heat conduction)E 23
149 3 ERoAe &4 AES dA5saA ¢
g4 ndg A 2 d4eE FUE FF
A AdelE U £F7]e SR 9 e
43T WA R FAHM, olEX AE dA
Hol gl ol T #He dHEE e A
$-9 o FHImvl A 2HAAY #FHA

AEE v

o ofl mu

i

¢

H

o

i rl

2. 733 Ry

E dFdMe &3 st 2-8 dug
71 A9 ddxE 1t 1349 dodAg AMe
F A% A% dgstr] st #3144 mdg
AAlsr ot Fig. 12 #-#% dugy] g9 &7
de 2mEEz A& o o A &
A% 42& B9FT) Fig. 25 dudy] 3%
@G BAMSlY BEYd 2REEE z2tE 3¥gd
of e AAzAR A 9L =g Fleldh
A A8 7HEe g 2k

(1) 371 #52 234, MIGEA, TFoIh

(2 MelE ¥4 FAL S48l

(B) #9 A=EAF(ky,)E YAF

@ N2 $E FREASK,,)E AdE 2

=xke] ol

Air flow

1111

P

l—b}’

Refrigerant

Fig. 1 Uneven frost growth formed on fins of
a fin~tube heat exchanger.
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Fig. 2 Physical domain and boundary conditions,

Table 1 ¢, 04 and &, for the governing equ-

ation
Equation ) Ty S,
Continuity 1 - 0
u-momentum u u —aP/ox
v-momentum v U — 8P/ 8y
Energy T ke, 0
Mass concentration m,, pD, 0
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Fig. 3 Schematic of heat conduction on a fin.
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Table 2 The fin temperature along a fin

Node z(mm) Fin temperature [C]
1 0.83 -4.90
2 7.50 -5.60
3 14.17 -6.90
4 20.83 -8.90
5 2750 -11.8
6 29.17 -13.1
7 30.00 -15.0

*: Node 1 is at fin tip and node 7 is at fin base.
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Fig. 5 Comparison of the frost thickness for
different fin conditions at 1 hour.

FAE ¢ 19mmeoE, Case Aol uvd] < 34)
ol I oFgrt o HxF AIFS A F
ANMEE F7] FEE HS © ADAA, GuiE
719 €438 4%e 9 A AeE ddd
ot a2BEE, 3o mel T4 LEEXE HAE
dugy] gAAe Aegg FAE e AEE
7b A% x2ANA AFee R vEFEx
%3ttt

Fig. 62 8¢ =z wWE 9JF &
Bl Aeojr}, #of EHAEE 1T
230 wa Mo R FUsirh. oo niay,
o] ZHexvl AT 4%, 4 EREFS
oM BE3A EHFHZ, 3o ugoz
2 743%d. £d, Case BY #HTE d+
Case Aol ¢F 28% A= I 4% 3]":]' o]
T FAe UA AFF visl 2o,

zo Mz el 28 oprl=Ech

)

s
w i

o

M %

JI~> i~

M 2 orje )y o b ©

L
fo -
H1

L

800
T,=2'C,w, = 000367 ke/kg,, u, = 1.5 s, 7, =-15°C

— Case A (Fin heat conduction considered)
~--Case B (Constant fin surface temperature assumed)

600 +

q |, Wim®

. 400}

0 5 10 15 20 25 30
Fin tip X, mm Fin base

Fig. 6 Comparison of average heat flux for
different fin conditions at 1 hour.

aeE 134y

"X A3 AF 731

2.1 1.5
TICH T,IC] ulwis] w, Tkeke]
— 2 -15 L5 0.00367

yf p— mm
=
in
T

X
&
»
@’ iong e

* Jo.6

0.9 F
103
0.6 2 L s 2
20 25 30 35 40 45

L, mm
Fig. 7 Maximum frost thickness and heat tra—
nsfer ratio with fin length variations at
1 hour.

9AY 4% T4 L e 4B Asted Ay
A 1

(ratio)E Fig. 791 Z=AIsIH . Ad AEE 77
3 EHdA s &0 AErt gAEHE
oMo AMaEEF FAE YU o ANFFL
F7l 28 A9AA dudr|e 844 4%
AstAizict, olglg oA, F9 7'°]°ﬂ }
g AMEEF FAE 48 43, ol ¥ u
°“H F4EH, & ng 2z A 9FE
& B 39 Holo wWE Wie ‘31‘313}9\3‘3}
7“]‘?—_} = 720 Hlong fin)ol] e 54 3 2
o] dAGER A% 47A, 1 e —r°17‘]
d =7 stoA & Auko] X Aol dojut
Ad @ Zol(dbmm)E 9w Fct gdge
3 dolrt FrMge weEk A MPEHez FUb
3ltt7l, & Zo] & 30mm °lF F1Eo] 3
Hel, 419 A% A ZA rodstA BEEA

il

3 MR of rjt mo ¢

N
p

i H

o 9714, # doldl mE dde HA5E .TLE%
sto] dAg HIZE 90% 13 =, o] wef & %
olg # AHA Holz FI ol TAR ’3}

o, & dFoA 3 A Aol ¢ 27 mmeolt}.

4. 2 B

B AFqNE A8 274 stM dugr) &



732 445 - %

es
P
L
I
Rt
&
o)

o) 149 U mRoAe 4
Sotn mde AN
FEUAN, AdZ
f9 9UE PHHoE T
QAo et W IAE
of el ©e) EReEst AR
, AE FAE o 3, dATE o 28%
S g wetd, duds] Dol
A4 A%e Bt 3Fs dAZ37] YelA

49 GHEE ;estolor ¥k 1 A, 4

dol Wste] hE Ad A3 FA wss
nvatgs, $7HEe W9 Aol o 0mm o4
o4 Fase] AU A% Fabl ZA 73
A 2o

2
Jl)j. i
o
=
2

ok
N

2z
T

oo
o

2
wn o rlo
i

fuowg Iy

i 10 ox of
&
L

fo o

>

i o

foorr o ool o Mt oox N o N lo
El
et
o
o

54

Ho

a

i)

1. Seker, D., Karatas,
2004, Frost formation on fin-and-tube heat

H. and Egrican, N,

exchangers, Part I-Modeling of frost for—
mation on fin-and-tube heat exchangers,
Int. J. Refrigeration, Vol. 27, pp. 367-374.

2. Kondepudi, S.N. and O'Neal, D.L., 1993,
Performance of finned-tube heat exchangers
under frosting conditions. I. Simulation mo-
del, Int. J. Refrigeration, Vol. 16, No. 3, pp.
175-180.

3. Yang, D.K,, Lee, K.S. and Song, S., 2006,
Modeling for predicting frosting behavior of
a fin—tube heat exchanger, Int. J. Heat and
Mass Transfer, Vol. 49, pp. 1472-1479.

4. Chen, H., Thomas, L. and Besant, R. W,,
2003, Fan supplied heat exchanger fin per—
formance under frosting conditions, Int. J.
Refrigeration, Vol. 26, pp. 140-149.

5. Tso, C.P., Cheng, Y.C. and Lai, A.C.K,
2006, An improved model for predicting per-
formance of finned tube heat exchanger un-—
der frosting condition, with frost thickness
variation along fin, Applied Thermal Engi-
neering, Vol. 26, pp. 111-120.

Z .0

6.

10.

11.

12.

13.

14,

15.

(Einn

Kaygusuz, K., 1994, Performance of an air-
to—air heat pump under frosting and de-
frosting conditions, Applied Energy, Vol. 48,
pp. 225-241.

. Miller, W. A., 1983, Frosting Experiments for

a heat pump having a one-row spine-fin
outdoor coil, ASHRAE Journal-American
Society of Heating Refrigerating and Air-
Conditioning Engineers, Vol. 25, No. 12, pp.
74-74.

. Wang, S.W. and Liu, Z.Y., 2005, A new

method for preventing HP from frosting,
Renewable Energy, Vol. 30, pp. 753-761.

. Martinez-Frias, J. and Aceves, S. M., 1998,

Modeling of a heat pump with evaporator
air dehumidification for reduced frost for—
mation, Heat pump and refrigeration sys-
tems, design, analysis, and application, pp.
305-312.

Sami, S.M. and Duong, T., 1989, Mass and
heat transfer during frost growth, ASHRAE
Transactions, Vol. 95, pp. 158-165.

Ismail, K. A.R. and Salinas, C. S., 1999, Mo~
deling of frost formation over parallel cold
plates, Int. J. Refrigeration, Vol. 22, No.5 pp.
425-441.

Lee, K. S., Kim, W.S. and Lee, T.H., 1997,
A one dimensional model for frost forma-
tion on a cold flat surface, Int. J. Heat and
Mass Transfer, Vol. 40, No. 18, pp. 4359-4365.
Lee, K. S, Jhee, S. and Yang, D.K., 2003,
Prediction of the frost formation on a cold
flat surface, Int. J. Heat and Mass Trans-
fer, Vol. 46, pp. 3789-3796.

Kwon, ]J. T, Lim, H. J,, Kwon, Y. C., Koyama,
S., Kim, D.H. and Kondou, C., 2006, An
experimental study on frosting of laminar
air flow on a cold surface with local cool-
ing, Int. J. Refrigeration, Vol. 29, pp. 754-760.
ASHRAE HANDBOOK, 1993, Fundamentals.
ASHRAE Atlanta.



